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ABSTRACT

This study was designed to investigate the effect of nutrient intake on bone mineral density
(BMD) of the lumbar spine(L2->LA4) in 41 postmenopausal women. The BMD of the lumbar
spine was positively correlated with caiore, protein, animal protein, fat, animal fat, calcium,
animal calcium, milk and dairy calcium, phosphorus, iron, animal iron, vitamin A, thiamin,
riboflavin, niacin and ascorbic acid intake. Postmenopausal wmen of BMD =100% showed
enhanced calorie, protein fat, calcium, phosphrous, niacin intake compared women of BMD<C
100%. In the group of calore, protein, riboflavin intake= recommended dietary allowances
(RDA), BMD was significanctly higher than BMD in the group of these nutrient intakes<!RDA.
BMD of the group of calcium intake =700 mg/d is significantly higher than BMD that of
calcium intake <700mg/d. The complex interrelations between BMD and nutrient intake were
examined using stepwise multiple regression analysis. From this analysis, in subjects aged 50~ 39
years fat intake only, in subjects aged 60~—69 years niacin intake, Ca/P, in total subjects fat,
riboflavin intake were significant independent predictors of BMD. In the group of menopausal
period =25 years, fat intake, in the group of menopausal period>>3 years, calcium intake was
significant independent predicior of BMD. This study suggests that dietary calcium is a major
consiituent affecting lumbar spine BMD in postmenopausal women whose menopausal period

is over than 5 years.
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Table 1. Aveage daily nutrient intake by age

Nutrients 50—59(yr) 60—69 Average
Calorie(kcal) 1730.2 +301.6! 1545.1 +362.0 1658.0 +334.8
(91.1 £15.9)2 (88.6 £21/5) (90.1 +18.1)

Protein(g) 73.7 +18.38 67.1 +26.3 71.1 +220
(122.9 +£31.3) (111.8 £43.9) 118.6 +36.6)

Fat(g) 853 £17.4 82.0 *20.0 34.0 £18.3
Carbohydrate(g) 285.8 +48.7% 251.2 + 536 272.3 +52.9

Fiber(g) 11.7 +3.9 10.5 £5.5 11.2 +4.5
Calcium(mg) 749.7 £29.7 743.3 £ 4289 747.2 £817.2
(124.9 +38.3) (128.9 £71.5) (124.5 +52.9)
Phosphorus(mg) 879.4 +515.8 9138.0 +507.1 892.5 +595.6

Iron(mg) 17.3 £4.7 16.5 +6.8 17.0 5.6
(17.28 +46.9) (164.9 +68.4) (169.7 + 55.6)
Vitamin A(R.E) 508.8 + 145.2*% 390.4 £190.2 462.6 £172.2
(72.7 £20.7) (55.8 +27.9) (66.1 *24.6)

Thiamin(mg) 1.131 0.32 1.01+0.29 1.09+ 0.31
(113.2 £32.1) (101.9 +28.8) (108.8 +31.0)

Riboflavin(mg) 1.55+0.47 1.26+ 0.48 1.45+ 0.49
(129.1 +£39.5) (104.6 *59.9) (119.6 +41.0)

Niacin(mg) 27.1 +122 21.9 +£8.5 25.1 £11.1
(208.5 +93.7) (168.4 *65.1 (192.8 +85.2)

Ascorbic acid(mg) 144.6 +£63.5 111.7 £387.2 181.8 +56.6

(263.0 +115.4)

(203.1 +67.7) (239.6 +102.9

! Mean+ S.D ¢ Percentage of RDA  *p<0.05

Table 2. Distribution of percentage of RDA by nutrients

Percentage of RDA

Nutrients 120< 119— 100 99170 69— 50 <50
Calorie 2( 4.9)! 6(14.9) 28(68.3) 5(12.2) 0( 0.0)
Protein 18(45.9) 7(17.1) 13(81.7) 3( 7.3) 0( 0.0)
Calcium 21(51.2) 2( 4.9) 14(34.1) 4( 9.8) 1( 0.0)
Iron 32(78.0) 8(19.5) 1( 2.4) 0¢ 0.0) 0( 0.0)
Vitamin A 1( 2.4) 2( 4.9) 13(31.7) 15(31.7) 12(29.3)
Thiamin 10(24.4) 18(43.9) 8(19.5) 5(12.2) 0( 0.0)
Riboflavin 21(51.2) 8(19.5) 6(14.6) 5(12.2) 1( 2.4)
Niacin 33(80.5) 4( 9.8) 4( 9.8) 0( 0.0) 0( 0.0)
Ascorbic acid 39(95.1) 1( 2.4) 1( 2.4) 0( 0.0) 0( 0.0)

! No.(%)
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Table 3. Average daily caldum intake by sources
Sources 50—~59(yr)  60—69 Average
Towl(mg/d) 749.7%29.7 743.3+428.9 747.2£17.2
Milk & Dairy 83.6£116.6 85811034 87.5%110.3
Animal 279.94 141.8 289.0+ 520.2 2838.5L 224 8
Plant 581.2£89.3 367.9+95.7 376.2%91.2
Amirnal  Plant 49.2 : 50.8 50.5:49.5 49.7 1 50.3
! Mean+ §.D
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Table 4. Average daily nutrient intake by bone mineral density(% Age matched)

BMD(% Age matched)

Nutrient
<790 90— 99 100= F

No. 18 8 15
Calorie(kcal) 1470.1 +265.7! 1698.7 + 54.8 1859.9 +3352

(80.9 *+13.1)2c (91.0 £10.8)b (100.6 % 20.8)2 6.181*%
Protein(g) 56.8 +11.] 67.9 £18.9 895 +21.2

(94.7 £18.4)c (113.1 +31.6)b (148.9 +353)= 15.281%*%#
Fat(g) 23.3 +6.7b 30.2 98P 49.3 +21.22 14.009**#
Carbohydrate(g) 261.2 +61.1 279.1 £70.7 276.1 +427 0.399N-S
Fiber(g) 9.0 £34b 155 £512 11.6 +3.8ab 7.881%*
Calcium(mg) 589.2 + 1539 716.8 £ 2284 962.6 +383.6

(96.7 £25.7)b (119.5 £38.1)b (160.4 +63.9)2 8.097%*
Phosphorus(mg) 696.7 +208.4b 796.2 *275.9b 1178.5 +462.82 8.866%**
Ca/P 0.8910.22 0.84+0.22 0.87% 0.21 1.049N-5
Iron{mg) 13.5 £3.1 18.3 £3.2 204 £6.6

(134.8 +30.7)b (182.9 +51.7)a (204.1 +66.2)2 G.251%*#
Vitamin A(R.E) 390.5 £154.2 5%0.7 +154.7 512.8 £178.4

(55.8 £22.0) (75.8 £22.1) (73.8 £255) 3.145N8
Thiamin(mg) 0.92+ 0.24 1.29+ 0.38 1.17+0.26

(92.0 +24.0)b (128.6 +38.3)2 (116.7 +25.6)a 5.948%#*
Riboflavin(mg) 1.104 0.30 1.58+ 0.39 1774 0.48

(91.6 £25.0)b (181.8 +32.8)2 (147.2 +39.7) 12.599¥%**
Niacin(mg) 205 £11.7 22.9 £56 31.9 9.4

(158.1 +90.2)b (175.8 +43.1)b (245.1 £72.7)2 5.490%*
Ascorbic acid(mg) 107.5 £38.5 +72.6 148.9 +57.9

(195.5 +70.0)b (2778 +151.9)= (272.6 £105.2)2 5.326%

"Meant $.D 2% of RDA *p<0.05, ¥*p<0.01, ***p<0.001 NSNot Significant
Vaules are same row with different supersctipts are significandy different from each other. If any lanter combina-
tion matches, the differences between menans are not significant.
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8 0 o] 4 2(Cap)o] 11 19) AR om
SHE 100% 0149 FAXE 08802 dopor)
T Aole gt =4, AAF= 2 &
TE AstHD MA7|7te] ARgrs TrEY
ARBEAN ANDD 0. 221, Ty 4 o
ek FRgol BN A BEAo)AE Frgol

o o,
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Table 5. Average daily calcdum intake by sources and bone mineral density

BMD(% Age matched)

Calaum sources

<90 90—99 100== F
Total(mg/d) 589.24 153.9'b 716.8% 228 4b 962.6+ 383.6 8.097**
Milk & Dairy 87.54 66.3¢ 89.2:+ 102.6b 146.6% 151,27 4.756%
Animal 185.1% 108.8P 216.1+ 148,70 437.54+ 281.52 7.395% %
Plant 366.61 99.3 411.5% 85.5 378.5% 84.6 0.794N-8
Animal : Plant 37.8 . 62.9b 49.6 1 57.4P 60.7 ; 39.82 7.203*%*
! Mean+S.D  *p<0.05, **p<0.01, ***p<00.001 N5Not Significant

Vaules are same row with different superscripts are significandy different from each other.
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B B 7 At F9E 2F 02
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I JHFol A3 2k oj52 FE +F
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7) Bl o] He Aoz Hth 4
Aol S-F 58 o uh2 FUE(% Age matched)
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%, ‘2371 o B E AL 819%ER KoF
Aol & WEhtH(p<{0.001). =&, TEA ZE4
Hek(p<o.01) T g3u]| (p<L0.0l)= FU=7} 100
%ol TolM FostA EA AFa(p<0.
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Fig. 1. Ratio to the nutrienc intake in the normal bone
mineral density group( #—m ; <.90% Age
matched, &--& ; 90~99%, Age matched,
e— ;=100% Age maiched).
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A g A AN 9= 0% T RE
Q] F| A= 70 16 : 14, 90~100% <1 Fo| = 69
116 152 v 319 A 5k 100% 0] 4491 F oA 59
c19:2228 Fd AFFe He v (p<o.
001), A (p<0.05)F A (p<C0.001) YHZFL
Ze Aoz ey,

2) =0l e @2 22

HAAe) dHER 7} PU4a9] RDAH, o
A ste ToAe B FUE(% Age matched) E
Table 66 4 ) SFATH. 50~594]6) A3 vicamin AS
ALF B FuioA RDACIY AT ool A
FAE7 Few fo@ ozt gigled, A8
ascorbic acid= RDAD) T 4 & 8k o427} glof A
RDACIA H#eHs ¢ ¥ag ¢ gurk @48
A& RDAY| G Y F et Fo FUE7) 86.9% ¢
¥3 RDACIY A= FlMe 992% 24 o

FUTH(p<0.05). 60~694 | X = BE o skl A

RDACIY HHdhs FollAd IUEs} wskont, €
F(p<0.05), &9 (p<0.01), Z (p<0.001), ri-
boflavin(p<0.05) o A7t f-2)3 Zo]E eI T
50~594 e BE] 60~694 o)A RDAEF| wWE
TUxe Fo g Zo] 5 Hol= gt 2o AL
#7713 el ZoA 4] e eswogens] FF
o] ZAdE wid, Fdie F97F FE A7)

FLZ AAAY. A4 thatatel i ek (pl
0.01), &3 A(p<0.001), L& (p<0.01), riboflavin
(p<L0.01) AHFo] RDA ol dd SL=7} ¢
=4tk THEE 50~59A0ME HHEFY ER)
el U5 S23 2ol figlert 60~694
qAe IE= A Aol UgPen 53,
g AHAFO) 700mg/d <)l Tl STEE
A FASFL YA Hp<0.001). BessE ol AT
AMz AAF A& gtz 8% gF 43 %)
WEFEY &2 Fo] % Zu BT 1/29]

Table 6. Bone mineral density(% Age matched) by percentage of RDA

BMD(% Age matched)

Nutrient
50—59(yr) 60— 59 Average
Calorie (a) 93.1+ 11.8! 84.4L 155 89.7+£ 136
(b) 103.8€17.5 111.0+3.7* 106.5+F 13.9**
Protein (a) 86.9+10.5 76.9% 13.1 81.9+126
(b) 99.2:£ 12.6* 102.0% 11.2%% 100.1% 12.0%**
Calaum
<(500(mg/d) 102.4+ 0.0 76.6+13.5 80.9% 16.0
500~700 98.0+ 10.5 80.8+12.] 88.6+12.3
700 96.0+ 14.9 107.34 5.9%%% 99.3% 13.8%*
Iron (a) None 81.4%+0.0 81.410.0
(b) 95.3£ 13.1 90.0+ 18.0 93.8%+ 15.1
Vitamin A (a) 96.0%+ 13.3 88.0+17.2 929+ 15.3
(b) 869+ 83 1103+ 0.0 947+ 14.7
Thiamin (a) 93.1+10.0 80.91+9.2 884+ 11.2
(b) 96.3+ 14.5 933+ 19.4 951+ 16.3
Riboflavin (a) 90.5+ 6.5 78.9+11.9 837+ 11.3
(b) 965+ 14.1 97.6L 17.3* 096.8% 14.0%*
Niacin (a) 857+ 1.6 804+ 1.4 83.0 3.3
(b) 96.1+ 13.3 90.7+ 18.5 94,1+ 15.4
Ascorbic (a) None 66.2% 0.0 66.24 0.0
acid (b) 953+ 18.1 91.0+17.0 93.7+ 14.6

(a) below RDA (b) above RDA ' Meanz $.D
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H77)9 Fdxs) Jgdy

&8 dFse Td HSte 1dFe 959 T
£49g0] F5) YT HAoH, {TF B
A3 %o] 450mg o] 3R] T3 777mg o] 4] FLE
Yol WAE 949 afd TUEE Wud
23, g AHA7 L 2ol FUE7) frofsHA
worths DawsonSe] BT glolth.

3) g MF2nt SUELES| Pearson corre-
lation coefficient

Teble 73} 2¢], 50~59M 9 A= F2& AL
BE duadA a2 ] gEFES SUEE
ARE Aeolglort AfLrt vitamin AN F
ostA] il YA gksste fofg &9
ABAAE Vel FEEY 4o dHABAS
Holx i o] & H %4 R EL FEA 2 F0
vek g8 Aor FUCy) F5RE FEY HAF
AF o] Bt7] 2l Aoz AzEch dise
Table 7. Pearson correlation coefficient between bone
mineral density(% Age matched) and nut-

nent intake

Nutrient 50—59(yr) 60—69 Average

Calorie 0.4156* 0.4458* 0.4588%*
Protein 0.5914%* 0.6551%* 0.6558% ¥
Animal 0,7125%%%  (.7284%*  (.7267***
Fat 0.7187**  0.6810%%  0.6997***
Animal 0.7044*%**  (.7625%**  (.7235%**
Carbohydrate —0.0428N%  —0.0701N%  0.0106N¢
Fiber 0.1007N5  (0.2964N5  (.2267NS
Calcium 0.3424* 0.6690%*  0.5265%**
Animial 0.5%10%*%  (.6504%*  (.5883%**
Milk & dairy 0.3996* 0.7963%**  (.5489%**
Phosphorus 0.5617%*  0.5648%* 0.5425%+*
Tron 0.4302* 0.6080**  (0.5297%%*
Animal 0.5810%*  0.6594**  0.5883%**
Vitamin A 0.0912N5  0.6614%* 0.4246**
Animal 0.6424%** () 7289%% () f788***
Thiamin 0.3156*% 0.4501* 0.3879**
Riboflavin 0.5801** 0.6536%*  (.6264*%*
Niacin 0.3702* 0.7026*%*  0.4918**
Ascotbic acid  0.3475% 0.3683N8 0.4363*

Ca/P —0.3888N5  0.4544%  —0.0691NF

*p<(0.05, **p<00.01, ***p<0.001
N.§ : Not Significant

ZFEFE A8l B Fomo Tguls
7}/‘]'7]_“-£31) Faxe 29 AABAE WY 7
o7 diflont Fdxst FasA 60~694
o e 50~594 9} W) SEtE R WA A NAE
FAT A H4AS AL 2E 42N 2UES
Feolg ke AnuAs vehisich ofsh ol
9ol 23 &) FRAAE Bol= AF4Tt
2o Ag %@Ec’“ fﬂrE EHM'Z]'—O'] HEZ T

i
S e

S, Ul}l

)‘405“-—-] —7‘"% %%‘E’l T4, H.’:%ﬂr"] =
ZYxe] Hol2 Hele Wizt Atefd %91‘?}
zpolglo) ¥lsxgh v, B A, Ak, i, R,
vitarnin A, riboflavin, niacin® F¢ R4 59 A
A2 g% Aol ekl FUEA 100%9]
A9l oA vigkgl woll ®ls) o AdFFe] o
2 cH(p<0.05). ke AF FAGlo] Y
Bo] oakid A FUwste] AaAAAN dgt &
ojgFo) H&HGATE, $F L FAF T 4
HeFe] FoFFL 50~594 H& 60~69M M
g 714 8 2 FAE ZEe IERd o
adE 60t A% FA b8 F ez &S
T At

4) HZT[Zr dokat MFHF

A e] BRI AR5 e JdA JHFH
2} Pearson correlation coefficienti= Table 87 2tk
AA7be] B5F FAE Jz WA
EBA 7} ‘3‘1“41— -.-,—94%]—93‘1:}. #7713k 5d ol
3¢l TAAM= E}'f’%’%_](p‘(C’Ol) EEA A d(p
<0.01), A(p<0.001), TEA AHp<0.001),
FEA Z&(p<0.05), J(p<0.o5), AR (p<0.05),
22243 vitarnin A(p<(0.01), thiamin(p<(0.05), ribo-
flavin(p<0.01), niacin(p<{0.001) GHFL TUY=
o} ko) Aa#AE JdEtiI, #A 7|7k 5~10
dq FAME d3(p<0.05), AfA(p<0.05),
Zr4(p<C00l), /% 2 $AFE L5 (p<0.05), as-
corbic acid(p<{0.01) HFAFIAE %9 FRAAAS
Vel #7A717ke] 10d0]43] TAME T,
A]-8-4, ascorbic acdE A3 9E FdL HH

23 ool 4ARAE VEReH, 4T FE48
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Table 8. Pearson correlation coefficdent between bone
mineral density{% Age matched) and nur-
rient intake by menopausal period

Nutdent =5(y)  5—10 10<Z
Calorie 0.3436N-5  0.5924°* 0.4965*
Protein 0.6151%*  0.6935* 0.6877%*
Animal 0.7824**  (.7663** 0.6817**
Fat 0.804G*** (.6905* 0.6578**
Animal 0.7575**%  0.7790** 0.7007%*
Catbohydrate —0.2047N8  0.0781N5  0.0922N5
Fiber 0.0208N8  0.6675*% 0.2689N-3
Calcium 0.1945N5  0.8210%* 0.7053**
Animal 0.4634*  0.7895% 0.67G4%*
Milk & dary  0.2390N%  0.6764* 0.7308**
Phosphorus 0.5423% 0.6116* 0.5916%*
Iron 0.5712%  0.6491* 0.5542*
Animal 0.4634*  0.7395% 0.5794%*
Vitamin A 0.2448N5 046475 0.6462%F
Animal 0.6864**  0.7051* 0.8216%%*
Thiamin 0.4895*  0.6534% 0.4390*
Riboflavin 0.6115%%  0.7347% 0.6118%*
Niagin 0.7570%*%% (,0219N5  0.6733%*
Ascorbic acid 0.4019N-5  0.7880%* 0.2480N3
Ca/P —0.8778N5  0.0021N5  —0.0435N8

*p<0.05, *¥*p<0.01, ***p<0.001
N.§ : Not Significant

AFd o g/-d °§°§ Eolqith BEA #F
(p<0.0)F 7 2L FAF ZE(E<00) 44
H2 A7) Z4F FUES) B L f-25 e
FHAAE Vel ed, ¢8 22 FHAR HH
713 w2 Zg dHFo] TYx HAE
o] gt APAWE HAT 4 ok
s 4FFHR F5Fe] TIFH F23 2909
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HFZ719 2LE o F4dH

957}t E5% 584 AF A% oz
SEA AF oF /" A9, rboflavin, nia-
dng e §9§ FAE Vel ez 4.
29 4L 50~594 ) 4] BMD(% Age matched)=0.
53997 X AW 2 %+ 76.20104(R2=0.5116, p<0.
001), 60~69A ¢4 BMD=1.61680X niacin] Z] &F
+32.06921 X Ca/p+ 26.95154(R%=0.4965, p<0.001,
p<0.05), A hAA | AHE BMD=0.41626X A
vhad 2 2+ 9.21947 X riboflavin4] 2] 2+ 65.60261 (R2
=0.4896, p<0.001, p<{0.05)Z eIt}

w5, o=y A7 E9A4T, SE5ERS
Y% Fojgt(glen)ol] &) HA7)7ke) 51d o]}
¢ Rt e A A%, H#A 72k 5~10
Hol At 10d o) 4o M= Tg HFFoe] FeoT
SPdest Hi AL AAH 77 sdelEdn
BMD (gfen) =0.00722 X X 44 # 2+ 0.76951 (R2=
0.64745, p<(0.001), W7 7)zto] 5~10 A=
BMD=0.55860E — 08 X Zr4 4 H 2+ 0.51670(R2=

0.67411, p<{0.01), #HA7|7ro] 1004 A=
BMD=0.43212E— 05 X &% 3 &+ 0.630387(R2=
0.57344, p<0.0DZE et} o)2e Ade ¢
oA Agg wke} Zol, HA7INe] AFEH JY
=X estrgoen® B2HE ZFAHFATFLZ 9EA 0
gabA]7) o o)),

6) HMeolnt ZeUzele| C}Es7EN

A zA A AR 2E A2} 7T F 4
T4, 44|, E<l9) YL =59 AA4E 1Y
S5, AF, A vnts, 3 QNdY, S,
NS, BRI SolEgm ez 89
SRE 977 He #dd Hioz 2A4AY,
AT, LAF], AW, dAFF, FAaE
ADE, H7A710& delRgivh. A 2AF Aol A
ZEES) o3 AABAES Rol: 84, AyFH
83 B AFofrie] gokr M FUz
g FEHe] JdFH AEE GFIHAENG

Table 9. The results of muldple regression analysis for bone mineral density(% Age maiched) by age

50— 59T Multiple R=0.79753 R Square=0.63582
....................... Variables in the equation + + « » « = + + « &+
Variable B SE B Beta
Energy expenditure(keal/kg, d) 0.06577%%* 0.00493 0.81683
Age at menarche(yr) —0.02921%** 0.00453 —0.37859
Phsyiologyical EXP(kacal/kg, d) 0.02040** 0.00462 0.26764
(constant) —1.18945 0.17786
60— 69yr Multipie R=0.89697 R Square=0.80456
....................... Variables in the equation + + + = + = + + « + -
Variable B SE B Beta
Time of walking(min) 0.00426*** 0.6397E—03 0.66293
Sociocultural EXP(kcalkg, d) 0.0450]1%* 0.01086 0.41210
(constant) —0.12596 0.09891
Total subjects Muliple R=0.81605 R Square=0.66593
....................... Variables in the equation « = « + + = =« « - -
Variable B SE B Beta
Energy expenditure(kcal/kg, d) 0.04459%** 0.00686 0.53502
Fat intake 0.00391%** 0.8319E—03 0.39476
Engel index —0.00296%* 0.9430E—03 —0.22142
Food expenses 0.00144%* 0.6518E—03 0.16324
(constant) —0.65068 0.22947

*p<C0.05, **p<0.01, ***p<(0.001
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